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LOW-SPEED INVESTIGATION OF THE EFFECTS OF SINGLE
SLOTTEJS AND DOUBLE SLOTTED FLAPS ON A L7.7°
SWEPTBACK-WING - FUSELAGE COMBINATION AT A
REYNOLDS NUMBER OF 6.0 x 10°

By Ernst F. Mollenberg and Stanley H. Spooner
SUMMARY

A low-speed wind-tunnel investigation has been conducted at a
Reynolds number of 6.0 X 106 to determine the effects of partial-span
single slotted and double slotted flaps at various deflections on the
longitudinal aerodynamic characteristics of a 47.7° sweptback-wing -
fuselage combination. The wing hsd an aspect ratio of 5.1, a taper
ratio of 0.383, and NACA 64-210 airfoll sections. The maximum wing
thickness parallel to the plane of symmetry was T.5-percent chord.

The maximum increment in maximum 11ft coefficient Cjp due to

deflected tralling-edge flaps is less than 0.1 and 0.2 for the single
slotted and double slotted flaps, respectively.

The maximum values of Cy cbtained with either the single

slotted or double slotted fleps on the sweptback-wing - fuselage combina-~
tion occur at flap deflection angles of from 10° to 25° lower than those
Indicated by two-dimensional tests. The longltudinal stebility is
slightly affected by the degree of flap deflectlon. The largest values
of Cp obtained for configurations having steble pliching-moment

characteristics at meximum 1ift are 1.51 and 1.59 for the single and
double slotted flaps, respectively, 1ln combination with extended leading-
edge fleps. B . : ;
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INTRODUCTION

Much research has been directed toward increasling the meximum 1ift

of sweptback wings and eliminating the longlitudinal instability which is
often present in the maximum-lift range of these wings. Sufficient data,
however, are not avallable to show the aerodynamic effects of the type

of* trailing-edge flap, the degree of flap deflection, and the flap posi-

tion.

As part of an investigetion to supply this information tests were

conducted on a 47.7° sweptback wing - fuselage combination. Reference 1
shows the relationship between the flap effectiveness and the horizontal
and vertical position of partisl-span single slotted flaps. Reference 2
shows the effectiveness of split-type fleps. The present paper reports
the results of tests to determine the longitudinal aerodynamlc character-
istice with various deflections of both single slotted and double slotted

flaps.

The tests were conducted in the Langley 19-foot pressure tunnel at

a Reynolds number of 6.0 X 106 and a Mach number of 0.1%. The wing had

an agspect ratio of 5.1, a taper ratio of 0.383, and NACA 64-210 airfoil

sections normel to the 0.286-chord line. The meximum wing thickness .
parallel to the plane of symmetry was 7.5 percent chord. Several deflec~

tions of the single slotted and double slotted flaps were investigated

in conjunction wilth varlous spans of outboard leading-edge flap. In .
addition, the effect of flap bracket alinement on the aerodynamic char-
acteristics of the double slotted flap was investigated.

NOTATION .

The data are referred to a set of axes coinciding with the wind axes

and originating in the plane of symmetry at the quarter-chord point of
the measn serodynemic chord. All coefficients are based upon the dimen-
sions of the basic wing.

Cr,

1ift coefficient (Lift/qS)

Ct meximum 1ift coefficient

Ay,

Cp

L/D

increment in 1ift coefficient (measured at o = 8°)
drag coefficlent (Drag/qS)

ratio of 1ift to drag
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Crn pitching-moment coefficient (Pitching moment/qSE)
q dynamic pressure, pounds per square foot
S wing area, square feet

/2
g mean serodynsmic chord, feet g c2dy

0

c wing chord, parsllel to plane of symmetry, feet
c! wing chord normsl to 0.286c line, feet

b/2 semispan of wing, normal to plane of symmetry, feet

¥ spanwlise coordinate, normel to plane of symmetry, feet
5f trailing-edge-flap deflection, degrees

[+ angle of attack of root chord, degrees

Vs gliding speed, miles per hour

Ve sinking speed, feet per second

MODEL

The principal dimensions of the model are shown in figure l. The
wing, which was of solid-steel comstruction, had NACA 64-210 airfoil
sections normsl to the 0.286-chord line (0.25c'). The maximum wing
thickness parsllel to the plane of symmetry was 0.075 chord. The sweep-
back of the 0.286-chord line was 459, the aspect ratio was 5.1, and the
taper ratic was 0.383. The wing was uniformly twisted to produce 1.32°
washout at the tip and the dihedral engle was 0°. The fuselage was of
circular cross sectlion and had s fineness ratio of 10.2. A midwing
arrangement was used with the wing mounted at an angle of incidence of
20 with respect to the fuselage.

The details of the leading-edge flaps are shown In figure 1. The
round-nose, extensible, leasding-edge flaps had a constant chord and
deflection. The outboard end was fixed at station 0.975b/2, and the
inboard qnﬁ was adjustaeble so that flap spahs from 0.3755/2 to 0.525b/2
were -availasble in increments of 0.05b/2.
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The details of the tralling-edge flaps are shown in figure 2. The
single slotted flaps had a chord of 0.25c' and could be deflected 209,
309, or 40®. The double slotted flaps consisted of a 0.075c' vane and

a 0.25c! flap which could be deflected 30°, 40°, or 55°. All of the flap
arrangements were investigated with the flap brackets alined parallel

to the plane of symmetry. In addition, the configuration of double
slotted flaps deflected 55° was investigated with brackets mounted normal
to the flap hinge line. For zero flap deflection, the flaps were
replaced by a solid trailing-edge plece which conformed to the true air-
foil section. The chordwise positions of the single slotted flaps were
established from the data presented in reference 1. The double slotted
flap positions were determined from unpublished two-dimensional data.
The flaps extended spanwise from station O.144b/2 to station 0.450b/2.
The outboard end of the flaps was extended only to the 0.45b/2 station
since the results presented in reference 3 indicate that leading-edge
flaps became ineffective in producing longitudinal stability at maximum
1ift if the span of the double slotted flaps i1s much greater

then 0.450b/2.

A photograph of the model mounted in the Langley 19-foot pressure
tunnel is presented as figure 3.

TESTS

The tests were conducted in the Langley 19-foot pressure tunnel in
which the air was compressed to approximately 33 pounds per sgugre inch,
absolute. The tests were made at a Reynolds number of 6.0 X 10°, based
on the mean serodynasmic chord, and a Mach number of 0.1k,

The 1ift, drag, and pltching moments were messured through an angle-
of -attack range at zero yaw by a simultaneously recording balance system.
The characteristics of the wing-fuselage combination were determined for
a range of deflection of the trailling-edge fleps In combination with
various spans of the leading-edge flaps.

RESULTS AND DISCUSSION

All data have been reduced to standard nondimensional coefficients
and ‘have been corrected for support-tare and interference effects and
for alr-stream misalinement. dJet-boundary correctlons have been applied
to the angle of attack and to the drag and pitching-moment coefficients.
The Jet-boundary induced velocities obtained by means of reference Y4-
were used to compute these corrections. )
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Test data are presented in Ffigures 4t to 8 for those configurations
considered to be the most promising and for those configurations necessary
to show the effects of the flaps. The pertinent 1ift and pitching-moment
characteristics of all of the configurations tested are summarized in
tables I, II, and III. . ’

Reference 3 has shown that for the subject wing a leading-edge
stall-control device is required for the attainment of longitudinal
stability at meximum 1ift, Most of the discussion 1s confined, there-
fore, to the effects of the trailing-edge flaps in combination with
extended leading-edge flaps.

Lift Characteristics

The 1lift chsracteristics of the wing-fuselage combination equipped
with O.h75b/2 leading-edge flaps end with the single and double slotted
fleps at various deflections are shown in figure 4. The variation of
CLmax and AC; with flap deflection is presented in figure 9. For the

single slotted flap configuration, C;i increases from 1.lt4 at Ef = Q9

to about 1.50 at Sf = 20°, Further increase in the deflection angle
to the maximum angle tested, 40®, results in essentially no additional
chenge in Cp . For the double-slotted-flap configuration, Cp
increases to & maximum value of 1.59 at &p = 40°. Further increase in

the deflection angle to the maximum engle tested, 55°, results in a
decrease to 1.53. It should be noted that for the other leading-edge-
flap spans tested, C; occurred at Bp =-30°. The meximum Iincrement

in C; due to deflected trailing-edge flaps amounts to less than 0.1

and 0.2 for the single slotted and the double slotted flaps, respectively.
The maximum velues of CLm are produced at deflections of the double
ax

and single slotted flaps on the subject wing 10° to 25° less than those
on the same airfoll in two-dimensionsl flow, as indicated in refer-
ence 5 and in unpublished data.

The 1ift increment (AC;, at a = 8°) produced by both flaps
increases up to the highest deflection angles tested. The value of ACq

produced by the double slotted flaps is slightly larger than that prod-
uced by the single slotited flaps. At &p = 400, the value of ACy

is 0.46 for the double slotted flaps as compared to 0.40 for the single
slotted flaps. - Co : T

~
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The 1ift characteristics of the wing-fuselage combinatior with the
trailing-edge flaps deflected 40° and with several spans of leading-
edge flap are presented in figure 5. The variation of CLmax with

lesding~edge-flap span is shown in figure 10 for the wing-fuselage
_combination equipped with the trailing-edge flaps. With both types of
trailing-edge flap, Cp " ‘increases as the span of the leading-edge

flap increases until the maximum value is reached with the inboard end
of the flap extending inboard to at least the midsemispan of the wing.
Table I indicates thet, in general, the largest velue of (f is

produced by the longest span of leading-edge flep and that the leading-
edge flaps are more effective than the traeiling-edge flaps at increasing
the Cp of the wing. The increment in 1ift due to the leading-edge

flaps 1s negligible, as shown in table I.

Pitching-Mdment Characteristics

The effects of deflecting of the single slotted and double slotted
flaps on the pitching-moment characteristics are shown in figure 6. In
the low-lift range, the effects of flaps at smsll deflections are similar
to those produced on unswept wings in that the longltudinal trim changes
are proportional to the degree of flap deflection. The trim changes are
of relatively small magnitude on this sweptback wing, however, because
the inboard location of the flaps places them longitudinally near to the
assumed center-of-gravity location (0.252).

As indlicated by the varlations of 'Cm with CL, various degrees of

instability occur in the 1ift range Just prior to maximum 1ift. The
degree of instability in this range varies slightly with flap deflection
engle and is often the least with moderate flap deflections. The 1lift
coefficient at which the initial instability occurs generally increases
with increasing flap deflection., At maximwm 1ift, the direction of the
break in the moment curve is little affected by the degree of flap
deflection. The largest values of CLmax. obtained for configurations

having stable pitching-moment characteristics at maximum 1ift are 1.51
and 1.59 for the single slotted and double slotted flasps, respectively,
in combingstion with extended leading-edge flaps.

The effects on the pitching-moment characteristics of the various
spans of leading-edge flap are shown in figure 7. The addition of certain
spans of leading-edge flap results in the pitching-moment curves breaking
in a stable direction at or near C; 3 whereas without leading-edge

fleps, the curves bresk in an unstable direction. With both the single
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and double slotted flaps, unstable charescteristics are obtained with

leading-edge-flap spans in excess of 0.475b/2 end stable characteristics,
with spans as short as O.375b/2; the shortest span tested. The unstable
variastion of Cm with CL, which occurs in the 1lift range Just prior to

CI s is affected only slightly by the span of the leading-edge flaps.

Drag Characteristics

As a means of eveluating the effects of the tralling-edge flaps on
the drag characteristics of the wing-fuselage combination, the L/D
ratios are presented in figure 8. The effect of trailing-edge flap
deflection on the variation of L/D with Cr,, &8s 1llustrated by the

data obtained for the O.h75b/2 leading-edge-flap deflection, ls presented
as representative of the results obtained with the other leading-edge-
flap spans. A grid of gliding and sinking speeds for an assumed wing
loading of 40 pounds per square foot and sea-level conditions is super-
imposed on the L/D curves of figure 8.

The maximum values of L/D are obtained with the trailing-edge
flaps retracted. Deflection and extension of the flaps result in lower
meximum values of L/D, but these values occur at higher 1ift coef-
ficients.  Above 1lift coefficlents of 1.0 and 1.2 for the single and
double slotted flaps, respectively, the values of L/D become nearly
equal as the deflectlion angle is increased. Tt appears, then, that the
flaps at deflections of the order of 20° or 30° offer the highest values
of L/D in the moderate 1ift range end values of L/D ebout equal to
those obtalned with greater flep deflections in the high-1ift range.

Effect of Flap-Bracket Allnement

In order to determine the merodynemic effects, if any, of the
alinement of the flap brackets, an investigation was made of brackets
mounted normal to the hinge line of the double slotted flaps deflected
550, The characteristics obtained with the brackeis mounted normsl +to
the flap hinge line are compared with those obtained with the brackets
mounted parallel to the plane of symmetry in figure 11. In the high-
1lift range, bracket alinement had little influence on the serodynamic
characterlstics of the model. In the lower-lift range, the aerodynamlc
characteristics obtained with the brackets mounted normal to the hinge
line were about the same as those which would be obtained with the
brackets mounted parallel to the plane of symmetry but with the flap
deflection angle reduced 5°. Strength considerations made 1t necessary
to use brackets relatively larger than would be used on a full-scale
airplane, so that full-scale differences in the characteristics due %o
flap alinement might be somewhat smaller than indicated herein.
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CONCLUDING REMARKS

From the results of an investigation Iin the Langley 19-foot pres-
sure tunnel to determine the effect of deflection of O.h5-semispan
single slotted and double slotted flaps on the serodynamic character-
istics of a U7.7° sweptback-wing - fuselage combination, the following
remarks may be made: ’ ’

1. The highest increment in meximum 1ift coefficient Cj due

to deflected tralling-edge flaps amounts to less than 0.1 and 0.2 for
the single slotted and double slotted flaps, respectively. The meximum
velues of Cy obtained with either the single or double slotted

fleps on the sweptback-wing - fuselage combination occur at flap deflec-
tion angles of from 10° to 25° lower than those indicated by two-
dimensional tests.

2, In the 1ift range Just prior to (i » the longitudinal sta-

bility of the wing-fiuselage combination equipped with leading-edge
flaps varies slightly with the trailing-edge-flap deflection. At chax

the stability is unaffected by the degree of flap deflection.

3. The largest values of Cimax obtained for configuraitions heving

having stable pitching-moment characteristics at maximum 1ift are 1.51
and 1.59 for the single slotted and double slotted flaeps, respectively,
in combination with extended leading-edge flaps.

4. Flap deflections of 20° to 30° offer the highest values of
lift=drag ratio L/D in the moderate-1lift range and, in the high-1ift
renge, values of L/D equal to those obtalned with greater flsp
deflections.

Langley Aeronsuticsl Lasboratory
National Advisory Committee for Aeronsutics
Langley Field, Va.
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TABLE I.- SUMMARY OF THE LIFT CHARACTERISTICS OF THE WING-FUSELAGE
COMBINATTON WITH VARIOUS FLAP CONFIGURATIONS
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~ Leading-edge-flap span, b/2
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TABLE ITI.- 3UMMARY OF THE PITCHING-MOMENT CHARACTERISTICYS OF THE WING-FUSELAGE
COMBINATION EQUIFFED WITH THE DQUBLE SLOTTED FIAFS
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Figure l.- Geometry of the LT. TO sweptback-wing - fuselage combingtion
and detalls of the leasding-edge flaps. All dimenslons are in inches.
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Figure 3.~ Wing-fuselage combination equipped with single slotted flapa
and mownted in Langley 19-foot pressure tunnel.
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Figure 4.- Effect of deflectlon of the single slotted and double slotted
flapa on the 1ift characterlstics of the wing-fuselage combingtion.
equipped with 0.475h/2 leading-edge flaps.

HHICT W VOVN




L6 & P
) [
T i
14 — = £
(] - - D- % V
1.2 oot CEEERO0| i’
: g .1 /f
/0 Laading-sdge-lgp apan. /j o} /5 y
' orr o} ' 0.57%0/2 /7- 0250/2f / L7572 of / 0.525m /2 /_
7 - 7
/"? A A% 1&/ K
6 4 f A A
ATV /) pviee /| | el sl /Y
/ 3 Singla 3ingle single single single
.4 A slotiad glotted /I alottad A& a1oktaa alotted
)4 - i J
2z i il L7

AR T

-4 o 4 8 12 16 20 2¢9 28 32

0 7] 7, 0
(u]a Co a:f‘%g ha

Figure 5.~ Effect of leading-edge-flap apan on the 1lift characterisgtica
of the wing~fupelage combinatlon equipped with the slngle slotted
and double slotted flaps deflected LOO,

9 & 12 16 20 24 28

#ZETCT WY VOVK

T




18
1.6 A B
A AO-& _
1.4 %
12 |1 26’9/_-.0,. &{e/w u{
10 { J]%; | [
g LIS 3 {
i HHT
.6 (d:;)—'of T (5 ‘;f I =
PRENCIE ¢ T
[ TP kpe AR
5 L] 1]
Ay 4 I
o U1 | of
[ _1[7’
=2 .' 'k F“ﬂ!!!'r"
:4 0 -04 -08 .7/2 <16 0 -04 -08 -12 -16 -20
Cm Cm
(a).Single slotted flaps. (b) Double slotted flaps.

Figure 6.- Effect of deflection of the gingle slotted and double slotted
flaps on the pitching-moment characteristics of the wing-fuselage
combination equipped with 0.475b/2 leading-edge flaps.

8T

HSEICT W VOVN




16

1.4

1.2

1.0

a
5;1:,(33 A - y
& | %
C%‘ a: LL L ﬁ"1“
O -0—__52
tescing-otge-riap span, | 9| 4 ot 17 LIf
oref | 4 043750/2 odizse/2 [ 0u750/2 0.5250/2
/ B f’# il
é ng f A t? 3
E: ¢ g J L7
] E i / 7
et 7 |/ siosalf REAY ofied Sinkiee| |
o Hatvee foretiea g ot ien [ e
[ 4 117 I/ J
E] 4'39 J q ;I.’I»
.08 .04 o% -04 -08 -12 <16 -20
. : :lon g) 3} & 04 -08 -/ /6
G SRR

Figure 7.~ Effect of leading-edge-flap span on the pitching-moment
cheracterigtics of the wing-fuselage combination equipped with the
gingle slotted and double slotted flaps deflected 40°.

HeHIGT WY YOVN

61



20 NACA RM L51E2k4

/4

PasS
SN
2 o,) / 7N S
(aeg
{10 o'[ ‘/\/ /\ S~ v,, fps
8% RN =
L ° ;A N N
D, IA T TN NN
/Y I N IR T ®
4 //// I I‘\\ S 35
/7 INAANIAN
s L/ VT I ATD
// Vg» mph 160 1o 130 120 |10 100
, T 1] [

! 4 .
/ \\\\
/2 ANRN
S / \
(aeg)y [/ N \ Y
/0 I‘ P> \\ \
9 \/ \\ o V', fps
ARPdD ) R
& ST N v
é/ V. >< — ~— 20
0 ARAN<SH RN
/ [ // 55’/ ™ r\\\\ \ 2

' !
4 / / / / ] 5\#\ 35
f / /\\ /

, AT T T T A TV

//‘/ Vg, mph 160| 140 130 | 120 110 10 |
o | L1 S
o 2 4 .6 L 1o L2 |4 1.6
C '

(b) Double slotted flap.
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equipped with O.475b/2 leading-edge flaps.
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Figure 10.- Variation of Cj with leading-edge-flap gpan for the

wing-fuselage combination equipped with the single slotted and
double slotted flaps deflected 40°. Flagged symbols indicate
that Cp, is increasing at highest o tested.
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Figure 11.- Effect of alinement of the tralling-edge-flap brackets on
the aerodynamic characteristics of the wing-fuselage combination.
Double glotted flaps deflected 55°; Owh75b/2 leading-edge flaps.
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